Objectives-This case cohort study examines whether there is an association between exposure to electric and magnetic fields and suicide in a population of 21 744 male electrical utility workers from the Canadian Province of Quebec. Methods-49 deaths from suicide were identified between 1970 and 1988 and a subcohort was selected comprising a 1% random sample from this cohort as a basis for risk estimation. Cumulative and current exposures to electric fields, magnetic fields, and pulsed electromagnetic fields (as recorded by the POSITRON meter) were estimated for the subcohort and cases through a job exposure matrix. Two versions of each of these six indices were calculated, one based on the arithmetic mean (AM), and one on the geometric mean (GM) of field strengths. Results-For cumulative exposure, rate ratios (RR) for all three fields showed mostly small non-significant increases in the medium and high exposure groups. The most increased risk was found in the medium exposure group for the GM of the electric field (RR = 2-76, 95% CI 1-15-6-62). The results did not differ after adjustment for socioeconomic state, alcohol use, marital state, and mental disorders. There was a little evidence for an association of risk with exposure immediately before the suicide. Perry et at2 conducted a study with the same 598 cases of suicide. Measurements of magnetic fields were made at suicide and control addresses. More suicide than control measurements were above the median (P < 0-01) and mean values of measured electromagnetic fields for suicide residences were significantly higher than those of controls. Perry and Pearl3 also found that among residents of high rise apartments in England, significantly more people who had depressive illness than controls, had been living close to electric cables. McDowell4 followed up 8000 people in England who were living within 30 m of electrical transmission lines. He found a standardised mortality ratio (SMR) for suicide of 0-75, providing no support for an association with electromagnetic fields. In another British survey Dowson and Lewith5 showed that people who were living close to 132 kV overhead power lines were more likely to have headaches, migraines, and depression than those in the control group. Baris and Armstrong6 found that men described as electrical workers on their death certificates did not have an increased rate of suicide. 
ines whether there is an association between exposure to electric and magnetic fields and suicide in a population of 21 744 male electrical utility workers from the Canadian Province of Quebec. Methods-49 deaths from suicide were identified between 1970 and 1988 and a subcohort was selected comprising a 1% random sample from this cohort as a basis for risk estimation. Cumulative and current exposures to electric fields, magnetic fields, and pulsed electromagnetic fields (as recorded by the POSITRON meter) were estimated for the subcohort and cases through a job exposure matrix. Two versions of each of these six indices were calculated, one based on the arithmetic mean (AM), and one on the geometric mean (GM) of field strengths. Results-For cumulative exposure, rate ratios (RR) for all three fields showed mostly small non-significant increases in the medium and high exposure groups. The most increased risk was found in the medium exposure group for the GM of the electric field (RR = 2-76, 95% CI 1-15-6-62). The results did not differ after adjustment for socioeconomic state, alcohol use, marital state, and mental disorders. There was a little evidence for an association of risk with exposure immediately before the suicide.
Conclusion-Some evidence for an association between suicide and cumulative exposure to the GM of the electric fields was found. This specific index was not initally identified as the most relevant index, but rather emerged afterwards as showing the most positive association with suicide among the 10 indices studied. Thus the evidence from this study for a causal association between exposure to electric fields and suicide is weak. Small sample size (deaths from suicide) and inability to control for all potential confounding factors were the main limitations of this study.
(Occup Environ Med 1996;53: [17] [18] [19] [20] [21] [22] [23] [24] Keywords: electromagnetic fields; suicide; case cohort An association between suicide and overhead and underground high voltage power lines was first suggested by Reichmanis et al. ' Estimates of residential exposures to electric and magnetic fields of 598 suicide victims were found to be significantly higher than that of controls. Perry et at2 conducted a study with the same 598 cases of suicide. Measurements of magnetic fields were made at suicide and control addresses. More suicide than control measurements were above the median (P < 0-01) and mean values of measured electromagnetic fields for suicide residences were significantly higher than those of controls. Perry and Pearl3 also found that among residents of high rise apartments in England, significantly more people who had depressive illness than controls, had been living close to electric cables. McDowell4 followed up 8000 people in England who were living within 30 m of electrical transmission lines. He found a standardised mortality ratio (SMR) for suicide of 0-75, providing no support for an association with electromagnetic fields. In another British survey Dowson and Lewith5 showed that people who were living close to 132 kV overhead power lines were more likely to have headaches, migraines, and depression than those in the control group. Baris and Armstrong6 found that men described as electrical workers on their death certificates did not have an increased rate of suicide.
The results of these studies are subject to question because of their limited methodology and exposure measurements pineal gland and disturb its circadian rhythm.9-10 There is substantial evidence that disruption in the normal circadian rhythm of pineal melatonin secretion is associated with depression." -'4 Finally there is firm evidence that depressive illness is strongly associated with suicide. ' We conducted a case cohort study to investigate the association between suicide and occupational exposure to electric fields, magnetic fields, and pulsed electromagnetic fields. The study base comprised a cohort of 21 744 electrical utility workers followed up from 1970 to 1988. This cohort was one of three cohorts in which cancer incidence was investigated in the "Canada-France" case-control study.'6 Two other cohorts were not used in our case cohort study because the agreement for the Canada-France study was only for studying cancer incidence and not all the cohorts were followed up for mortality.
Methods

DESIGN AND STUDY POPULATION
The study follows the case cohort design. '7 This is similar to a nested case-control design in including all cases and a sample of the cohort. The sample (subcohort) is a random one chosen from all cohort members, instead of controls matched to cases from survivors to the age of death of the case, and the methods of analysis are different. Case cohort design is known as valid and more efficient than nested case-control design.'7 Also the random sample of the entire cohort (subcohort) can be used as a control group for studying several diseases simultaneously.
As described elsewhere,'8 deaths in the entire cohort were identified from the company records if the worker died while an active employee, or through the retirement system if he had left the company but was entitled to claim benefits. Those who left the company without being qualified for a pension were traced by provincial sources. We found 49 workers who had suicide as underlying cause of death (ICD-9 950 0-959 0) on their death certificates.
The subcohort of 217 subjects was selected as a 1 % random sample of the entire cohort. Two were excluded because their job histories were not available, leaving 215 subjects eligible for the analysis.
ESTIMATION OF EXPOSURE
We obtained the complete job histories of the subcohort members and cases from the company records. This information included job title, start and end date of each job, and job code. A job exposure matrix comprising estimates of exposure to 60 Hz electric, magnetic and pulsed electromagnetic fields for each job held in the company had been previously constructed for a case-control study of cancer. 16 In the job exposure matrix, for each job category, arithmetic means (AM) and geometric means (GM) of electric fields and magnetic fields were estimated from POSITRON dosimeters worn for a week by a random sample of workers. The AM tends to reflect occasional excursions in very high fields. The GM is less affected by such peaks, and reflects long periods in moderately raised fields.'9 The distribution of exposure to pulsed electromagnetic fields was extremely highly skewed. To deal with this, exposure to pulsed electromagnetic fields was calculated in each job category of the job exposure matrix as the proportion of subjects measured with weekly AM of pulsed electromagnetic fields greater than 100 parts per billion (proportion >100 ppb). 20 This was used as a unit of exposure for pulsed electromagnetic fields in the analysis. The GM of pulsed electromagnetic fields was not used, as it was highly dependent on the value assumed for periods during which no pulsed electromagnetic field was detected. Finally, the job exposure matrix was linked to each subject's work history to calculate their cumulative and current exposure for cases and the members of the subcohort.
We first considered long term exposure as a risk factor for suicide. The hypothesis behind this was that chronic exposure might cause irreversible disruption in circadian rhythm, and this condition might lead first to depression and then to suicide. We used AM and then GM of the electric and magnetic fields to calculate two indices of cumulative exposure. The summary indices represent cumulative exposure to electric fields expressed in Volts per meter years (V.m-.y) and magnetic fields expressed in microtesla years (,uT.y), equal to the mean (or GM) over a subject's working life, times his duration of employment. For pulsed electromagnetic fields, the unit of cumulative exposure was the proportion >100 ppb.y.
It is also possible that the effective exposure is that immediately before suicide, rather than chronic exposure. To examine this hypothesis, we considered current exposure, defined for suicide as the mean exposure for the year in which the suicide occurred. For the subcohort, Results Table 1 shows the distribution of demographic and basic employment variables. Cases had somewhat earlier years of birth and years of hire than subcohort members. Table 2 shows the job exposure matrix. The matrix consisted of rows of grouped job titles that were expected to have similar exposures, and columns of corresponding mean exposures to electric, magnetic, and pulsed electromagnetic fields. Table 3 shows the association of cumulative exposure to magnetic and electric fields with known risk factors for suicide (% of subjects in the subcohort with exposure level >,median), to assess potential for confound- ing. Broadly, exposure was higher among blue collar workers than among white collar workers. Exposure among alcohol users was very similar to that among non-users. The single workers showed greater exposure than married workers. Exposure was also higher among workers diagnosed with mental disorders than among workers with no diagnoses of mental disorders. Table 3 shows the association of current exposure to the fields with known risk factors for suicide (% of subjects in the subcohort with exposure level ) 75th percentile). The pattern was similar to that for cumulative exposure, except that the married workers showed greater exposure than single workers. Table 4 shows the rate ratios for suicide by these potential confounding factors (socioeconomic state, alcohol use, marital state, and mental disorders). Blue collar workers, single workers, and especially workers with diagnosis of mental disorders had higher risk of suicide. Table 5 shows the correlations between the indices of the exposure calculated from the subcohort members at their final exposure levels. Seventy five per cent of the correlations reported were equal to or below 0 50. The two highest correlations were between (a) the AMs and GMs of the electric fields of current exposure (r = 080), and (b) between the GMs of the electric fields of cumulative and current exposures (r = 0.79). Table 6 shows the RRs for suicide by cumulative exposure to fields. Unadjusted RRs for all three fields showed mostly small increases in the medium and high exposure groups. Adjustment for socioeconomic state, alcohol use, marital state and mental disorders generally resulted in reduced RRs.
CUMULATIVE EXPOSURE
The most notable increase was found in the medium exposure group for GMs of electric fields (RR = 2-76, 95% CI 1-15-6-62), although the high group showed a less increased rate (RR = 1-96, 95% CI 0-65-5-91). This pattern remained after adjustment for the potential confounding tUnit of exposure = % workers measured who had weakly mean exceeding 100 ppb.
factors already mentioned. When the medium and high exposure groups were combined the adjusted RR was 2-56 (95% CI 0 87-7-58). Given the possibility that mental disorders could be both a confounder and an intermediate variable, we reported the RRs adjusted for all confounders except mental disorders. The RRs were slightly different, lower or higher depending on the indices, from the RRs adjusted for all confounders. The highest RR was again found for GMs of electric fields (RR = 3-10, 95% CI 1-18-8-21).
CURRENT EXPOSURE Table 7 shows the association of suicide with current exposure to fields. Unadjusted RRs for all three fields showed mostly small increases in the high exposure groups. Adjustment for socioeconomic state only or adjustment for alcohol use and marital state did not substantially change the RR estimates. The slightly increased risk disappeared when additional adjustment was made for mental disorders, except for pulsed electromagnetic fields (RR = 2-06, 95% CI 0 50-8-35).
Discussion
For cumulative exposure, this study showed; (a) an increased risk of suicide for the medium exposure group by GMs of electric fields, but no evidence for a dose-response; (b) a slightly increased risk of suicide for AMs of electric fields; (c) no association of suicide with magnetic fields or pulsed electromagnetic fields.
The increased risk of suicide for GMs of electric fields could not be explained by confounding by socioeconomic state, alcohol use, marital state, or mental disorders.
For current exposure, our results suggested; (a) a slightly increased risk of suicide with pulsed electromagnetic fields in the high exposure group; (b) no association with the other indices.
Overall, the strongest evidence was for cumulative exposure from electric fields with the GM of exposure, but there was no evidence for dose-response. There was not much of an association with cumulative exposure for AMs of electric fields and with current exposure for GMs of electric fields, although these two indices were highly correlated with GMs of cumulative exposure for electric fields. One explanation for the difference between the RRs for cumulative and current exposure is the possibility of a stronger effect for a consistent exposure over a long period of time. These results may be subject to bias, either upwards or downwards. We consider these later.
A comparison of the suicide rate in the Hydro Quebec workers with that of the general population was possible from a cohort mortality study covering the same follow up period.18 The SMR for suicide for all workers relative to the Quebec population was 056 (49 observed deaths). The workers were classified crudely by the last job held at the company into two exposure groups, background and above background, for electric, magnetic, and pulsed electromagnetic fields. The SMRs for the above background groups for each field were higher (AM of the magnetic field 075, AM of the electric field 070, pulsed electromagnetic fields 075), but remained below one. Although there may be some healthy worker effect and some under ascertainment of deaths, these low SMRs do not support the evidence for a causal association.
POSSIBLE SOURCES OF BIAS
Incomplete case ascertainment It is possible that we might have missed some suicide cases because of certification practice. The scientific literature on the validity of the suicide diagnosis focuses mainly on the sensitivity of suicide certification23-25 estimated at 56% to 99%. The specificity of the certification was always higher than 95%. It seems unlikely that the certification practice will vary according to the exposure. Thus, misclassification is likely to be non-differential, and would therefore bias the effect towards the null value.26 This is a concern, as our study showed several small non-significant associations.
Misclassification of exposure
Despite the large number of exposure measurements made to create the job exposure matrix, some misclassification of exposure will have occurred. One source is the precision of the mean exposure estimates in the job exposure matrix. The confidence intervals of the mean exposure estimates that were given elsewhere'6 suggested that the broad patterns of exposure were established beyond reasonable doubt, but there remained considerable uncertainty. As well as from the error in estimating the means, misclassification of individual people would have occurred from the variation in exposure levels between workers in the same row of the job exposure matrix. The main effect of these misclassifications would be to bias the risk estimates toward the null.
There was an additional uncertainty in the assessment of exposure to pulsed electromagnetic fields due to the inadequate current knowledge on what situations trigger the pulsed electromagnetic fields channel. The pulsed electromagnetic fields meters' third channel was designed to reflect high frequency (5-20 MHz) pulses of electromagnetic energy (>200 V/m). The meter apparently responds in this channel to bursts of walky talky and lorry radio transmissions, as well as to transient pulses produced by switching. This uncertainty was discussed in more detail elsewhere. 20 Confounding factors Lack of information on several important risk factors for suicide including stress, ethnicity, and physical diseases and imperfect measurement on the others might have resulted in inadequate control of confounding in our study.
Socioeconomic state was measured according to the first job as a simple dichotomous variable. It is possible that misclassification of socioeconomic state may have been differen-tial for exposure to electromagnetic fields and may have led to a bias.
Although we obtained information on alcohol consumption, our data did not identify alcohol misuse. Alcohol misuse is second only to depression as a risk factor for suicide. 27 It was reported that alcohol misuse has been found to be associated with 50% of suicides. 28 The fact that we did not find any association between alcohol use and suicide suggests imperfect measurement of this variable, and consequently imperfect control of confounding by alcohol misuse. It is not obvious that alcohol misuse would be associated with exposure to electric and magnetic fields, at least after stratifying by socioeconomic state.
Our data show slightly lower risk among married people. This result is compatible with the existing knowledge, as reported by Smith et niques developed to deal with a situation when a variable is both a confounder, which should be controlled in the analysis, and an intermediate variable, which should not be controlled in the analysis.32 Pierce33 noted the complexity of these types of analyses and the requirements of the strong modelling assumptions, and suggested that use of such models could cause confusion both in reader and investigator. Also, our data on history of mental disorders was partial, in particular lacking precision on time of onset. Therefore, we chose the simpler approach of presenting the risk estimates with and without adjustment for mental disorders. The unadjusted estimates are unbiased if there is no confounding, and the adjusted estimates are unbiased if mental disorders are not in the causal pathway (intermediate variable). In fact, the analysis showed that controlling for mental disorders in general had a limited impact on the risk estimates (tables 6 and 7), so that interpretation of results depends little on this issue. Similar comments apply to alcohol use and marital state.
Sample size Another limitation of this study was the sample size. Small numbers of suicide deaths resulted in wide confidence intervals, especially after eliminating the eight cases from the analysis of current exposure.
A high proportion of deaths from "injuries undetermined whether accidently or purposely inflicted" (ICD-9, E980-989) are in fact suicide deaths.34 Thus including these would have maximised the sample size at the cost of some misclassification. There were only three subjects with such undetermined causes of death. Thus for clarity, we limited the analysis to deaths coded only as suicide.
Conclusion
We found some evidence for an association between suicide and cumulative exposure to the GMs of electric fields. This specific index was not identified initially as the most relevant index, but rather emerged after showing the most positive association with suicide among the 10 indices studied. Thus the evidence from this study for a causal association between exposure to electric fields and suicide is weak. The power of the study was limited by small sample size. Additional studies with larger sample sizes and more refined information on potential confounding factors would be of interest. 
